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ABSTRACT 
The mineralogy of suspended sediment in the Scioto 
and Olentangy Rivers was determined by x-ray diffraction 
methods. The mineralogy or the respective sediments from 
the two rivers reflects the bedrock lithology underlying 
each river quite well. The percentage or carbonate 
minerals was appreciably greater in the sediments or the 
Scioto River, while clay minerals are more abundant in 
the Olentangy River. Certain minerals may have been 
derived from the glacial overburden in this area. Talc 
was round to be the dominant constituent or the sediments 
in both rivers and its presence can be attribute4 to the 
use of pesticide powders in the drainage basin. Samples 
or pesticide powders were x-rayed for comparison with the 
sediment. Two (PHALTAN and BAYGON) showed a strong 
diffraction spectrum for talc, suggesting the distinct 
\ 
possibility that talc in the suspended sediment or the 
I 
Olentangy and Scioto Rivers may be derived from pesticides. 
1 
INTRODUCTION 
Throughout its course the Scioto River drains an area 
in which the bedrock is primarily limestone and dolomite 
(the Columbus and Delaware Limestones). The Olentangy 
River, on the other hand, drains an area which is under-
lain by the Ohio and Olentangy Shales. The drainage 
basins of both rivers are covered by a thin veneer of 
glacial overburden. These relationships are shown in 
Figure 1. It is possible, therefore, that the sediment 
suspended in the water of these two. rivers reflects this 
marked difference in bedrock lithology. The most direct 
means of testing this hypothesis is to Use ·X-ray dif-
fraction methods to determine the mineralogy of the 
suspended sediments. With this objective in mind twelve 
water samples were taken, six from each river. The 
sampling area spanned about 15 miles aiong the course of 
the Olentangy River and 'about 20 miles along that of the 
Scioto River. The sampling locations are shown on Figure 
2o The objectives of this experiment were threefold: 
(1) To see how accurately the mineralogy of the suspended 
river sediments reflected that of the respective bedrock 
types; {2) to determine what, if any, minerals were 
presen~ which could not be attributed to the local bedrock; 
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(3) to see if any other crystalline contaminants were 
present and to determine their origins. 
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ANALYTICAL PROCEDURE 
Twelve water samples were taken on September 6, 1971, 
six .from the Scioto River and six from the Olentangy 
River. At each collecting locality the sample was taken 
from the riverbank with a plastic bucket, then poured 
into a clean 500 mlo polyethylene bottle. The bucket was 
.. . . 
rinsed before each sampling and the bottles were labeled 
with their respective sample number, location, and date 
and time collected. This information is given in Table 1. 
All twelve samples were then filtered twice. "Coarse 
filtration" was through a Whatman #1 filter paper, removing 
most of the organic material and the coarse sediment 
fraction. "Final .filtration" was through a millipore 
.filter unit, which .filtered out all remaining suspended 
sediment greater than 0.45 microns in diameter. 
The millipore .filter papers .from the twelve samples 
were dried in air and th~n glued to glass slides using 
rubber cement. Be.fore x-raying the sample mounts, a 
blank mount was prepared by gluing a blank millipore filter 
paper to a glass slide. This blank mount was x-rayed 
first as a control. The di.ffraction analysis was carried 
out .for 2 e values from 5° to 60° using a General Electric 
Model XRD-6 x-ray dirfractometer and cu K-alpha, Nickel-
riltered x-rays. 
6 
TABLE 1 
Sampling Date - September 6, 1971 
Sample 
0-1 
collected at 
10:30 :A.M. 
0-2·, 
collec"ted at 
10:20 A.M. 
0-3 
collected at 
10:12 A.M. 
0-4 
collected at 
9:55 A.M. 
0-5 
collected at 
9:30 A.M. 
0-6 
collected at 
1:58 P.M. 
Location 
Olentangy 
River near 
Orange Run 
Dr.~ beneath 
the bridge 
Olerttangy 
River just N 
of Rt. 750 ' 
Olentangy 
River just 
S of Delatvare 
County line 
Type 
of 
Bedrock 
Columbus Lime-
stone 
Delawarei 
Limestone 
OlentangY, 
Shale 
Olentangy Ri~er 
N end of Wor~ Ohio Shale 
thington ' 
Olen tangy 
River just S 
of bridge at 
Lane Ave., on 
Ohio State 
Univ. grounds 
Olentangy 
River beneath 
King Ave. 
bridge 
Olen tangy 
Shale 
Delaware 
Limestone 
Mineralogy 
Talc 
Illite 
Chlorite + 
Kaolinite 
Quartz 
Talc 
Illite 
Chlorite + 
Kaolinite 
Quartz 
Gypsum 
Montmorillonite 
Talc 
Chlorite + 
Kaolinite 
Quartz 
Calcite 
Talc 
Illite 
Chlorite + 
Kaolinite 
Quartz 
Calcite 
Talc 
Quartz 
Dolomite 
Talc 
Dolomite 
Orthoclase * 
Gypsum (tr.) 
7 
Sample 
S-1 
collected at 
11:02 A.M. 
S-2 
collected at 
11:30 A.M. 
S-3 
collected at 
11:47 A.M. 
S-4 
collected at 
12:25 P.M. 
S-5 
collected at 
12:12 P.M. 
TABLE 1 (continued) 
Location 
Scioto River 
northern out-
skirts of 
Dublin 
Scioto River 
beneath 
Trabue Rd. 
bridge 
Scioto River 
just off 
Civic Center 
Dr., S of 
intersection 
of Scioto and 
Olentangy 
Rivers 
Scioto River 
1 mileN o:f 
Greenlawn 
Dam 
Scioto River 
just S of 
Greenlawn Dam 
Type 
or 
Bedrock 
Columbus 
Limestone 
Columbus & 
Delaware 
Limestone 
Delaware 
Limestone 
Delaware 
Limestone 
Olen tangy 
Shale 
8 
Mineralogy 
Talc 
Montmorillonite 
Chlorite + 
Kaolinite 
Quartz 
Wolf r ami te (tr.) 
Talc 
Illite 
Chlorite + 
Kaolinite 
Fayalite 
Talc 
Illite 
Montmorillonite 
Chlorite + 
Kaolinite 
Chlorite -
Montmorillon-
i te 
·Quartz 
Calcite 
Albite 
Labradorite 
Siderite 
Talc 
Illite 
Quartz 
Calcite 
Orthoclase 
Fayalite 
Siderite 
Talc 
Illite 
Chlorite + 
Kaolinite 
Quartz 
Calcite 
Dolomite 
Hydrobiotite 
Sample 
S-6 
collected at 
1:15 P.M. 
* 
TABLE 1 (continued) 
Type 
Location or 
Bedrock 
Scioto River Ohio Shale 
beneath 
bridge on 
Rt. 762, 
4 miles s. 
or Shadeville 
Tr = trace·· 
Mineralogy 
Talc 
Illite 
Chlorite + 
Kaolinite 
Chlorite -
Montmorillon-
i te 
Quartz 
Calcite 
9 
10 
The strip charts from each or the twelve sa.~ples were 
analyzed and the mineralogy of each sample was determined 
from the 2 e peaks present on that chart... The identifi-
cations were made using a compilation of x-ray spectra 
of common minerals by Chao (1969). These are shown in 
Table 2, a-p. 
The approximate relative abundances of the minerals 
present in each sample were calculated from the 2 e peak 
heights (relative intensities). In order to standardize 
,e, 
this procedure a presentative peak was chosen for each 
/I 
mineral and used in the calculations for all the samples. 
The peaks were chosen on the basis of being either the 
strongest peak for that mineral, or the most frequently 
appearing. The heights of the selected peaks were 
measured and the approximate relative abundances of each 
mineral were calculated using the following relationship: 
% Talc = 
I talc 
It 1 + I·11·t + I a C·. i 1 e qtz ••• 
x 100 
where I = Intensity as measured on the chart in arbitrary 
unitso In the identification and subsequent calculations 
chlorite and kaolinite were grouped together as there 
was not sufficient resolution of the 2 e peaks to dis-
tinguish between them. 
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PRESENTATION OF RESULTS AND INTERPR?TATIONS 
The minerals identified from the samples and their 
relative abundance in each sample are shown in Table 3. 
Table 2, a-p, shows how the positive identifications were 
made. These charts show standard ASTM 2e values as com-
piled by Chao (1969) compared with the 2e values measured 
from the strip charts. The graphs in Figure 3 show the 
percentages of the five most common minerals plotted 
against the distance from the northernmost sample collect-
ing locality (farthest upstream) for each sample. The 
locations where samples were collected appear on the 
geologic map in Figure 2. 
Some interesting conclusions cari be drawn from these 
data. First of all it appears that the mineralogy of the 
suspended sediment does indeed reflect the bedrock over 
which each river flows. Calcite is present in four of six 
samples from the Scioto River, but only two of six samples 
from the Olentangy River. In addition, the relative 
abundances of calcite in the samples from the Scioto River 
are substantially higher. The average relative abundance 
of calcite in the Scioto samples is 9.17% compared to 
only 2.66% for those taken from the Olentangy River. 
14 
TA
BL
E 
3 
AB
UN
DA
NC
E 
O
F 
M
IN
ER
A
LS
 P
R
ES
EN
T 
(i
n 
p
er
 c
e
n
ts
) 
0
-1
 
0
-2
 
0
-3
 
0
-4
 
0
-5
 
0
-6
 
S
-1
 
S
-2
 
S
-3
 
S-
:4
 
s
-s
 
S
-6
 
T
al
c 
19
08
5 
3
3
.3
4
 4
90
49
 5
2.
19
 7
6
.9
2
 
62
.4
4 
66
.7
8 
58
.1
8 
3
6.
63
 4
1
.6
1 
28
.,6
5 
29
.6
9 
I
ll
it
e
 
34
03
4 
15
.2
2 
1
0
.6
4
 
1
5.
72
 1
0
.4
8
 
6.
87
 
3
.7
8
 1
3
.9
1
 
M
o
n
tm
o
ri
ll
o
n
it
e 
tr
a
c
e
 
1
0
.5
9
 
9
.8
4
 
C
h
lo
ri
te
 a
n
d 
K
a
o
li
n
it
e 
2
0
.3
9 
1
3
.4
4
 1
5
.8
1
 1
00
90
 
1
1
.3
0
 1
7
.0
9
 
7
.0
6
 
4
.3
9
 1
2
.3
9 
c
h
lo
ri
te
 -
M
o
n
tm
o
ri
ll
o
n
it
e 
9
.2
3
 
1
0
.6
2
 
Q
ua
rtz
 
2
5.
42
 2
00
46
 2
1
.9
2 
2
2
.8
8 
9
.3
4
 
1
1
.3
0
 
1
3
.8
1
 1
9.
31
 
6
.3
6
 2
3
.0
8
 
C
a
lc
it
e
 
1
2
.7
8
 
3
.1
9
 
6
.7
6
 1
5.
41
 2
2
.5
4
 1
0.
31
 
D
o
lo
m
it
e 
1
3
.7
4
 1
4
.5
2
 
2
7
.5
2
 
O
rt
ho
cl
as
e 
2
3
.0
1
 
1
0
.1
7
 
A
lb
it
e 
-
, 
6
.1
5
 
L
ab
ra
do
ri
te
 
tr
a
c
e
 
TA
BL
E 
3 
(c
on
tin
ue
d)
 
0-
1 
0-
2 
0
-3
 
0
-4
 
0
-5
 
0
-6
 
S
-1
 
S
-2
 
S
-3
 
S
-4
 
s
-s
 
S
-6
 
G
yp
su
m
 
17
.5
1 
tr
a
c
e
 
F
a
y
a
li
te
 
9.
01
 
6.
62
 
W
ol
fr
am
it
e 
tr
a
c
e
 
S
id
e
ri
te
 
tr
a
c
e
 
tr
a
c
e
 
H
yd
ro
bi
ot
it
e 
6.
76
 
.;.J 
~ 
('.) 
100 -
u 
:....: 
0 75 
~ 
....... 
50 
-. 
100 
75 
0 \ 
;E'.ig. 3 (a) 17 
OLENTANGY RIVER SA..1\iPLES, 
% 'I'-~-LC . 
% ILLIT·E 0 
% QuP..R'I'Z .0 
• 1a C.2:>...:L,CITE a 
% CI-ILOR.I~·E -
K?.OLINITE ~ 
1b 20 
DISTANCE IN MILES 
(from farthest upstream sample collecting location) 
Fig. 3 (b) 
SCIOTO RIVER SAMPLES 
%1TALC • 
% ILLITE o 
% QUARTZ .0 
% CALCITE c 
% CHLORITE-
KAOLINITE £ 
---~~~~~~~~~-=-1.~0~~~~~~~~~~~20 
DISTANCE IN MILES 
(from farthest upstream sample collectins location) 
The higher calcite content of the suspended sediment in 
water from the Scioto River is in accordance with the 
18 
fact that the Scioto River flows over bed;ock that is 
predominantiy composed of carbonate rocks (see Figure 1). 
The influence of bedrock lithology on the mineral composi-
tion of the suspended sediment in the two rivers is 
reinforced by the data £or the clay minerals. The only 
clay minerals that can be positively attributed to the 
weathering of bedrock are iiiite and the chlorite-kaolinite 
group. (Montmorillonite is an alteration product of 
volcanic ash and chlorite-montmorillonite is a product of 
hydrothermal alteration.) The relative abundance of clay 
minerals is higher in the samples from the Olentangy 
River than for the samples from the Scioto River. The 
average percentages (for illite and the chlorite-
kaolinite group taken together) show about 20.12% clay per 
sample from the Olentangy as compared with only 17.17% 
clay per sample from the Scioto. This appears to be 
significant because the ~lentangy River flows over bed-
rock which consists predominantly of the Olentangy and 
Ohio Shales of Devonian age. It is interesting to note 
that in the Scioto River the abundances of illite-and 
the chlorite-kaolinite group increase south of Columbus, 
below the confluence of the two rivers, where the Scioto 
River £lows over the Olentangy and Ohio Shales. 
Quartz seems to be almost universally present, 
occurring in ten of the twelve samples. It, too, seems 
19 
to appear in substantially higher percentages in the 
samples taken from the Olentangy River. One would expect 
quartz to be more abundant in shale than in a limestone; 
however, the Delaware limestone does contain abundant chert 
nodules. 
Other minerals are present in the sediments which 
could not possibly have been derived from the bedrock 
underlying the two rivers. Fayalite (?), hydrobiotite and 
the feldspars can probably be attributed to the glacial 
drift which overlies this area (see Figure 1), as can the 
clay minerals, montmorillonite and chlorite-montmoril-
lonite, whose origins have previously been discussed. 
Surprisingly, gypsum was found in two of the samples 
(0-2 and 0-6). Perhaps this minerals could be traced to 
the abundant evaporite deposits of northwest Ohio. 
The most startling and significant result of this 
experiment was the discovery of talc as the most abundant 
constituent in eleven of the twelve sampleso The sample 
x-ray diffractograms in Figure 4 show the presence of talc 
positively. Talc is metamorphic in origin and is 
relatively rare in comparison to other silicates like 
quartz and the feldspa~s. There are no deposits of 
talc in Ohio, and it is inconceivable that such a high 
concentration of this mineral could have been brought down 
Fi g . 4 20 
10 I 
:1 I . i I -' ·I l .! fj -1 i I f-5 i I - i I . . · 1· I I 1· I j 
rrom the canadian Shield by the Pleistocene glaciation. 
Since the occurrence or talc in the suspended sediment 
cannot plausibly be attributed to natural phenomena, it 
may have been introduced artirically by man. 
Talc is known to be used as a carrier-extended ror 
pesticides. It seems logical that talc could have been 
introduced into both' rivers by either (1) air transport 
or (2) heavy rainfall immediately after pesticide spray-
ing, washing the powders into the rivers and streams. 
Supporting the first mode 0£ introduction is an article by 
Risebrough ~!!!..· {1968). They stated: 
"Various lines or evidence indicate air trans-
port: i) the codistillation or chlorinated hydrocarbons 
with water, and ii) their detection in air and rainwater 
and in atmospheric dust originating in Texas and subse-
quently deposited in Ohio. • • • 
Complementing such work is the observation that the 
mineral talc that is used as a carrier and diluent ror 
pesticides occurs in the solid mineral phases 0£ rains, 
glaciers, and rivers and in dusts recovered rrom the 
atmosphere in concentrations much higher than expected 
£rom natural occurren·ces; its exis.tence in airborne par-
ticulate matter over the sea suggests a link with the 
global dispersion or pesticides." 
21 
22 
In order to test the hypothesis that the talc in the 
Olentangy and Scioto River sediments can be attributed to 
the use of pesticide powders in the drainage basin, six 
pesticide samples were obtained and x-rayed. The same 
procedure was used as ha~ been previously described except 
that the diffraction pattern was made for 2 e values of 
from's0 to 40°. The names of the six pesticide powders 
' 
and other pertinent information appears in Table 4. The 
' 
results of the x-ray diffraction work is given in Table 5, 
a-h. 
I 
I 
Talc can be positively identified in two of the six 
. I 
samples (Phaltan and Bay~on), and is a major constituent 
of those products. Since these pesticides were obtained 
in th~ Columbus area, it is very po?sible that such 
pesticides are the source of the talc found in the rivers. 
The graphs in Figure 3 show two interesting relation-
ships. From the point where the first sample was taken 
in the Olentangy R:fver south toward Columbus there appears 
to be a general increase in the abundance of talc in the 
sediments. Sample 0-1 shows 19.85% talc and this figure 
increases to 76.92% talc in 0-5, falling slightly to 
62.44% in 0-6. The location of Whetstone Park 2~ miles 
upstream from collecting site 0-5 and of Ohio State Uni-
versity from whose grounds 0-5 was taken suggest a 
possible explanation for the marked increase in the 
abundance of talc in this section of the Olentangy River. 
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The Park and the University are charged with protecting 
their vegetation :from insect harm, and thus are probably 
major users of pesticides. Several unsuccessful attempts 
were made to obtain pesticide powder samples :from these 
sources. 
The Scioto River, however, shows a general decrease 
in talc downstream :from collecting site S-1, :from 66.78% 
in S-1 to only 29.69% in S-6. This can probably be 
attributed to the :fact tha~ north o:f Columbus the Scioto 
River drains an area which is predominantly agricultural 
and would thus have a great need :for pesticides. There 
is a large :fruit :farm on Sawmill Road in this area. Also, 
north o:f collecting site S-1 lies O'' Shaughnessy Reservoir, 
a large recreation center :for the Columbus ~rea. It is 
possible, but not yet con:firmed, that pesticides are being 
used both to maintain the purity o:f the water by killing 
algae, and to kill mosquitoes. AS Columbus is approached 
going pownstream along the Scioto, the adjacent area 
I 
becomes more residential ··and industrial. This may account 
I 
:for declining talc percentages. The 1 graph in Figure 3b 
also shows a slight increase in the abundance o:f talc 
I 
I 
between samples S-5 and S-6, rising r::r:·om 28. 65% in 
S-5 to 29.69% in S-6. This can probably be attributed to 
the passing o:f the Scioto River :from an industrial area to 
a more agricultural one. 
28 
It would seem that the presence of talc in the 
Olentangy and Scioto Rivers is due to the use of pesticides. 
Also indicative of their presence would be pyrophyllite, 
an isomorph of talc. Pyrophyllite was positively iden-
tified in four of the six pesticide samples x-rayed. 
Pyrophyllite did not, however, appear in any of the sedi-
ments from either the Scioto or Olentangy Rivers. 
The possibility arises that talc may be used as a 
quantitative tracer for pesticides. Risebrough ~al. 
(1968) pointed out, however, that talc as a carrier-
extender for pesticides is gradually being replaced by 
water or light distillates of petroleum. When present, 
though, talc would seem to provide an excellent indication 
of environmental contamination from pesticipes. 
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